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Abstract  
Wildland fire is the dominant disturbance agent of the boreal forest of Alaska. Currently, about 80% of 

the population of Alaska resides in communities potentially at risk from wildland fire. The wildland fire 

threat to these settlements is increasing because of increased suburban construction in or near forested 

areas.  The primary objective of this research was to assess the effectiveness of maturing treatment 

projects in terms of previously defined risk reduction and fire behavior objectives in order to better 

understand the contribution of fuel treatments to the broader economics of wildfire management in 

Alaska.  Along with contributing to our knowledge on the ecological maturation of existing fuel 

treatments we also examined what influence publicly funded fuel treatments had on wildland fire 

suppression costs in Alaska, whether suppression resource ordering is affected by the presence of a fuel 

treatment, and what role fuel treatments play in encouraging homeowners in WUI locations to reduce 

wildfire risk on their property.  We found that fuel treatments in boreal black spruce induced surface layer 

species composition changes due to moss die-off without exposure of mineral soil, and to destabilization 

of soils and melting of frozen layers.  Modeled fire behavior at the selected sites (BEHAVE 6.0) mostly 

indicate that shaded fuel breaks still retain most benefits of reduced fire behavior potential (due to the 

reduction of canopy density and ladder fuels) for at least 14 years.  This finding fits with limited 

experiential evidence from prescribed and natural burning of fuel breaks.  Findings from a discrete choice 

experiment (DCE) suggest that responding homeowners were more willing to incur the additional costs 

associated with private wildfire risk mitigation when a thinned/shaded fuel treatment was present on 

nearby public lands.  This outcome does not hold in the presence of a cleared fuel break.  Drawing on 

treatment site field data collected as part of this effort a set of four wildland fire scenarios were modelled 

and presented to Alaskan wildland management professionals as part of an elicitation exercise designed to 

examine suppression resource ordering behavior. As expected suppression resource ordering depended on 

both current fire weather conditions and whether a fuel treatment was present.  Smaller initial attack 

packages were ordered when a fuel treatment was present and winds were 10 MPH and less in the 

scenario.  Finally, State of Alaska wildfire suppression cost data was collected from a review of 

accounting records from over 200 fires and matched against fuels treatment data.  The analysis identifies 

14 wildfires of greater than 50 acres where a fuel treatment was found within 5km of the final reported 

fire perimeter.  No statistically significant relationship between fuel treatments and wildfire suppression 

costs was identified.  We argue that the geographic scale of the state and low population densities have an 

unobserved impact in the likelihood of a fuel treatment being present near or adjacent to a fire.   
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I. Objectives  and Summary  
As the frequency and cost of fires in the WUI increase, fuels reduction become increasingly important for 

creating defensible space and contributing to the Cohesive Strategy goals of resilient landscapes, fire-

adapted communities, and effective response (Western Regional Strategy Committee 2013). The primary 

objective of this research program was to assess the effectiveness of maturing treatment projects in terms 

of previously defined risk reduction and fire behavior objectives in order to better understand the 

contribution of fuel treatments to the broader economics of wildfire management in Alaska.  The research 

approach fully leveraged previous JFSP funded work (Project No. 00-2-34; Ott and Jandt, 2005), using 

previously collected data to develop a picture of fuel treatment lifecycle built on repeated field 

observations from 10 project locations across the Kenai Peninsula and Interior Alaska.  Along with 

improving our understanding of ecological maturation of existing treatments this research also devoted 

significant effort towards identifying whether publicly funded fuel treatments reduce fire suppression 

costs, influence suppression resource ordering, or incentivize homeowners in WUI locations to reduce 

wildfire risk on their property. 

Our study assessed operational and demonstration fuel breaks which were installed between 2001 and 

2009.  The costs of establishing and maintaining fuels treatments in Alaska can be very high, estimated at 

$181-$6,110/acre for a sample of State of Alaska fuel reduction treatments (St. Clair, 2006) but vary 

considerably depending on whether hand-treated or mechanical, and whether agency or contracted 

resources are used for implementation.  Fuel treatments in boreal black spruce induced surface layer 

species composition changes due to moss die-off without exposure of mineral soil, and to destabilization 

of soils and melting of frozen layers.  In general, we found the moss layer mostly recovered after 14 

years, but canopy density showing only very modest increases.  Modeling fire behavior using BEHAVE 

6.0 mostly indicated that shaded fuel breaks still retain most benefits of reduced fire behavior potential 

(due to the reduction of canopy density and ladder fuels) for at least 14 years.  This also fits with our 

limited experiential evidence from prescribed and natural burning of fuel breaks.  A couple sites 

illustrated the adverse effects of an opened canopy on fire potential, including drying, increased 

flammable surface fuels, and higher mid-flame windspeeds.  Our data illustrate profound ecological and 

site impactsðboth intended and unintendedðcan result from forest treatments in boreal forest. 

A second component of this research effort focused on identifying private wildfire risk mitigation 

activities taken by homeowners and evaluates how the presence and type of fuel treatment on nearby 

public lands influenced their willingness to incur the costs associated with pursuing risk mitigation 

activities on their own properties.  At question here is whether public land fuel treatments have value in 

helping to encourage beneficial homeowner action in a setting where risk is shared on the landscape.  As 

documented elsewhere (Lakoande 2006, Talbert et al. 2006, Prante et al. 2011) given the shared nature of 

wildfire risk facing many WUI neighborhoods, too little private mitigation activity is pursued.  A survey 

of homeowners was used to collect data from homeowners living in Extreme, High, and Medium wildfire 

risk WUI locations in the study regions.  As part of this effort, the survey included a discrete choice 

experiment (DCE) which examines private risk mitigation preferences in the presence of public fuel 

treatments. A total of 368 homeowners responded to the survey.  Along with collecting basic socio-

demographic information the survey asked homeowners about their perceptions of wildfire risk, prior 

experience with wildfire, and risk mitigation efforts they pursue.  In general respondentsô showed a strong 

preference for thinned/shaded fuel breaks and were more likely to incur the costs associated with private 

risk mitigation activities when present. 
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Third, an expert elicitation was used to evaluate how initial attack suppression resource orders in response 

to the presence of a fuel treatment.  The expert elicitation brought together a diverse set of Alaska wildfire 

management officials including crew bosses, fire management officers, and fuels specialists.  The expert 

group was presented with simulated fire scenarios in high risk WUI setting and asked to order from a 

structured menu of firefighting resources.  The south Anchorage neighborhood of Campbell Tract served 

as a test WUI setting, having both a high level of wildfire risk present and presence of a fuel treatment 

included in the study.  The simulated fire scenarios were built using fuel treatment assessment data 

collected as part of this project.  The incorporation of up-to-date field information as well as the use of a 

well-known high risk WUI setting not only improves the accuracy of the scenarios but also provides a 

setting with which fire managers are familiar.   The elicitation shows that reductions in resource ordering 

when a fuel treatment is present depend upon the current fire weather conditions.  

 Finally, State of Alaska wildfire suppression cost data was collected from a review of accounting records 

from over 200 fires.  Cost data were supplemented with weather, fuels, and fire behavior data drawn from 

a variety of sources (e.g, ICS-209 reports).  The analysis identifies 14 wildfires of greater than 50 acres 

where a fuel treatment was found within 5 km of the final reported fire perimeter. No statistically 

significant relationship, either positive or negative, between fuel treatments and wildfire suppression costs 

was identified.  

II. Background  
Wildland fire is the dominant disturbance agent of the boreal forest of Alaska, which represents about 

15% of the forested area of the U.S. Currently, about 80% of the population of Alaska resides in 

communities potentially at risk from wildland fire. The wildland fire threat to these settlements is 

increasing because of increased suburban construction in or near forested areas. Warmer summers and 

longer fire seasons have also contributed to the risk to homeowners in these areas. Both mean annual 

temperature and summer maximum temperatures in interior Alaska have increased--by 0.7º F (0.5° 

C)/decade and 0.4º F (0.3º C)/decade respectively--over the past 50 years and could increase an additional 

5-12º F (3-7ºC) by the end of the 21st century (NOAA 2018, Wolken et al. 2011). Warming is suspected 

to be the primary driver behind the doubling of multi-million-acre fire seasons observed in recent 

decades.  Alaska is seeing earlier disappearance of snow, higher surface albedo heating (off snow-free 

vegetation and ice-free oceans), longer fire seasons, shrinking permafrost layers and changes in forest 

composition (Liston and Hiemstra 2011, Mann et al. 2012). The earliest wildfire ever attacked by 

smokejumpers (April 17) and a significant wildland urban interface (WUI) fire in October made the 

summer of 2016 one of longest fire seasons on record.  The 2015 Alaska fire season, and more recently, 

the Horse River (Ft. McMurray) disaster in Alberta, illustrate the type of extreme fire seasons possible 

under warmer conditions.  In June 2015, a week-long barrage of lightning in Alaska ignited 295 fires 

which spread rapidly, ultimately consuming 5.1 million acres and 80 homes. At a cost of $188 M
1
 in 

state/federal firefighting expenditures, the 2015 set a new record for fire season cost in Alaska.  Aerial 

support of firefighting tactics and mapping were hampered by thick smoke. Seventy days of quality alerts 

were issued in Alaska and the dispersing smoke was detected all the way to the Atlantic seaboard.  The 

Albertaôs Horse River fire in May 2016 burned nearly 1.5 million acres of boreal forest and over 2,400 

                                                      
1
 Unpublished data from Alaska Division of Forestry & Bureau of Land Management, Alaska Fire Service, Dec. 

2016. 
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homes and buildings and is expected to result in over $3.5 billion in insured losses, the largest such 

insurance loss in Canadian history for any natural disaster (Cheadle 2016).  

Dispersed settlements are difficult and costly to protect, so it is expected more infrastructure will be 

damaged by wildland fires in the coming decades. Agencies and the populace need adaptation and 

mitigation strategies to cope with the new challenges posed by these changes in fire regime. Fuel 

treatments are seen as one of the potential mitigation tools. As the frequency and cost of wildland fires 

increase, fuels reduction techniques become increasingly important for creating defensible space and 

contributing to the Cohesive Strategy goals of resilient landscapes, fire-adapted communities, and 

effective response. In boreal forest, fuel reduction projects are primarily intended to be used for strategic 

options like burning out, sprinklers, application of retardant or other active defenses. Since the late 1990s, 

several fuels reduction projects-- both cleared firebreaks and shaded fuel breaks-- in Alaska have been 

completed by various entities, including the state of Alaska, federal land management agencies, and 

Alaska Native corporations (DeFries 2002, Rogers 2003, Ott 2005). Some short-term follow-up studies 

are available (McMillan and Barnes, 2013) but there is little information about the effectiveness of these 

treatments over time.  A JFSP-funded investigation of the short-term (3-year) ecological effects of shaded 

fuel breaks in interior Alaska indicates that there is potential for significant changes in vegetation and 

permafrost dynamics. Ecosystem resilience and treatment effectiveness in boreal forests may change 

significantly in the near future (Ott and Jandt 2005, Rupp et al. 2011).   

Previous Work  
Previous fire behavior modeling in treated stands has indicated mixed effects with respect to rates of 

spread, crown fire potential, fuel moisture, and crown fraction burned in thinned stands of spruce.  Also 

lacking are comparisons of various fuels reduction techniques, ecological effects, or their impact on local 

communities. An analysis of predicted fire behavior at one site (Figure 4, Site b) indicated slightly 

increased rates of spread but higher resistance to crown fire using BEHAVE (Theisen 2003). Subsequent 

analyses from three demonstration units in 2007 (Figure 4, Sites b-d) using NEXUS 2.0 (Scott 2004) 

found fuel treatments did not preclude crown fire behavior in predictions, but could exchange passive for 

active crown fire in some cases (Horschel 2007). However, she also projected the treated stands to have 

higher rates of spread in dry conditions.  Simulations indicated no change or a moderate reduction in 

flame length and fire intensity in the treated sites, but substantial reduction in the crown fractions burned 

which might reduce spotting potential.   

A few fuels treatment projects in Alaska have actually been tested by wildfire or experimental prescribed 

burning, including Ft Greely (1999), Nenana Ridge (2009 and 2015), Eagle Trail (2010), Funny River 

(2014) and Card Street (2015). These case studies provide important information to the fire management 

community on fire behavior in the presence of fuel treatment.  The Nenana Ridge treatment site was 

challenged by both experimental and wildfire and in both cases reduced fire intensity and spread in mid-

growing season (Butler et al. 2013, Miller 2015).  In May 2014, the Funny River fire approached 

treatment projects established by US Fish and Wildlife Service and the Kenai Peninsula Borough. 

Managers were able to organize an opportunistic case study of fire behavior and treatment effects 

(Saperstein et al. 2015) and reports indicated that the treatments were critical in preventing fire spread 

into occupied neighborhoods.  Similar observations were made on the Card Street (2015) fire near 

Anchorage (Perrine 2016).  Clearly, there is much to be learned from preparing more detailed assessments 

of the interaction between fuel treatments, fire behavior, suppression efforts, and, economic outcomes.   
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Risk Classification and Management Structure  
Alaskan agencies depend on defining ózonesô to trigger suppression response. The state is grouped into 

four suppression response zones. Critical protection zones necessitate immediate suppression and usually 

are close to larger urban areas, where people and property are in direct danger. Full protection areas may 

still require a strong response, though the risk to human life is smaller than in critical zones. Modified and 

limited protection areas are typically lower priority, in terms of suppression response. A map of the state 

divided into its constituent parts is provided in Figure 1. 

 

Figure 1: Map of Alaskan suppression response zones based on the 

Alaska Interagency Fire Management Plan 2010 
Source: Alaska Division of Forestry Web, 2018 

Wildfire costs are not independent of response zones. Because there is a greater risk to human health and 

property in full and critical zones, more resources are used on those wildfires than in the limited and 

modified zones. There also may be a strong push to over order resources in critical zones to ensure the 

protection of human health and property, as costs are not seen as a common decision factor when ordering 

suppression resources on those fires. While there should be a strong correlation between response zone 

and costs, there are still pockets within limited and modified zones that require a suppression response. 

Fire protection is mandated by statute for Alaskan Native allotments. Because these allotments are often 

difficult to access, these wildfires may increase in costs due to their inaccessibility. While many of the 

wildfires in remote Alaskan wilderness are allowed to burn under supervision, any wildfire threatening an 

Alaskan Native land allotment must be actively suppressed with federal or state firefighting resources.  
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Risk level may be a significant factor in the decision process for suppression activities by fire 

management agencies (both state and federal) and by individuals (homeowners). The analyses presented 

in this report account for risk by grouping data observations into three categories. We combine limited 

and modified zones to represent a single low-risk grouping. A survey of homeowners, presented in 

Section E, was focused on lands in the Fairbanks North Star Borough (FNSB) and the Kenai Peninsula 

Borough (KPB). Figure 2 and Figure 3 show the distribution of risk zones in the study areas. 

 

  Figure 2. Zones of concern in the Fairbanks North Star Borough 

  Data Source: Alaska Department of Natural Resources 
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  Figure 3. Zones of concern in the Kenai Peninsula Borough 

  Source: Kenai Peninsula Borough Web, 2011 
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III . Field Work , Data Collection , and Fire Modeling Methods  

A. Study Areas 
Fuel treatment study sites, their date of establishment, methods of treatment, and predominant vegetation 

type are presented by region below: 

Interior Alaska  

a) Nenana Ridge Project- This experiment compared 8 x 8 ft thinning with ladder fuels pruned to 4 ft 

under two different slash removal strategies: (1) haul away, (2) burn piles on site (2 blocks, N=10); 

additionally, they tested shear blading (2 blocks, plots N=10) with and without windrowing and burning 

on site. Treatments (with a control block, N=1) to 1-acre blocks of predominantly black spruce were 

applied in 2006 and the Unit A treatments were subject to controlled burning in 2009 to assess impacts of 

treatments on fire behavior (Butler et al. 2013, Rupp et al. 2011).  An additional array of 4 treatments 

(Unit B) had been prepared adjacent to Unit A but not burned. Replication occurred fortuitously in the 

form of a wildfire in 2015 (Miller 2016) that consumed parts of Unit B, which we re-sampled in 2015 as 

part of this project.  

b) Fort Wainwright Demonstration Site ï Experimental fuel treatment established in 2001 by TCC and 

BLM Alaska Fire Service with Joint Fire Science Program funding and interagency cooperation. This site 

has 4 thinning treatments (Plots N=4 each) and an untreated control (N=4) on 1-acre blocks in black 

spruce. Treatments thinned trees to 8 x 8 ft or 10 x 10 ft spacing with or without pruning ladder fuels. 

Blocks were previously re-sampled 2 and 5 years post-treatment (Ott and Jandt 2005).   

c) Toghotthele Demonstration Site ï Same as Fort Wainwright but located on private native corporation 

forest land south of Fairbanks. 

Figure 4. Study sites in Alaska, located in jurisdictions of all 

three primary fire protection agencies:  Alaska Fire Service 

(BLM), Alaska State Department of Forestry (DOF) and the US 

Forest Service. 
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d) Delta Bison Range Demonstration Site - Same as Fort Wainwright but treated in 2002 and located on 

state forest lands west of Delta. 

e) Dot Lake - Established in 2008-2009, this site is a shaded fuel break in mature aspen with spruce 

understory was thinned to 12 x 12ô spacing, on about 19 acres.  Plots: N=5 treated and N=1 in untreated 

reference stand. This project was a cooperative effort of TCC and the Dot Lake Village Corporation. 

f) Tanacross Fuel Treatment Project ï This site is a WUI shaded fuel break in white spruce (see cover 

photo), implemented in 2 phases 2001-2005 (39 acres thinned to 12 x 12ô spacing and pruned in 2001, 27 

acres in 2005). Portions were impacted by Eagle Trail fire in 2010, a severe windstorm event in 2012 

(Figure 6), and a 2013 fuelbreak rehabilitation project, which remediated 38.6 acres of windthrown 

timber.  (Plots N=5 treated/1 untreated reference stand). 

Southcentral Alaska  

g) Campbell Tract ï Established in 2003 and maintained in 2011, the site has a combination of WUI 

shaded fuel break in mixed spruce affected by bark beetle (plots N=10) and cleared fuelbreak where slash 

was piled and burned (plots N=8) covering roughly 200ô by 2 miles.  Photopoints (N=16) were 

established in untreated reference stands. 

h) Funny River ï This was a series of treatments extending about 10 miles near Soldotna established by 

USFWS and cooperators beginning in 1998. The site demonstrates both thinning with slash removal in 

mixed spruce affected by bark beetle (Plots N=12) and a 2009 masticated cleared fuelbreak (N=10). Both 

experienced fire in May 2014 (N=8) and reference photopoints (N=6) were established in untreated 

stands.  

i) Hope Gate ï This site was established in 2009 to reduce fire risk to communities of Hope and Sunrise. 

Various treatments were applied to different stands totaling about 900 acres on the Chugach National 

Forest, including thinning dense stands of spruce to 20-foot spacing and dense birch stands to 12-foot 

spacing, along with removing dead and dying beetle-killed spruce trees and piling and burning slash 

(Treated plots N=10 and untreated reference photopoints N=4). 

j) North Bean ï Was a 2012 project on the Chugach National Forest near Cooper Landing.  Dead and 

dying spruce trees were removed on 750 acres near the Bean Creek Trail to reduce fire risk (USFS-CNF 

2011; Plots N=10 and reference photopoints N=4).  The action was identified as a mitigation strategy in 

the Cooper Landing Community Wildfire Protection Plan.  

B. Fuel Treatment Assessments  

Treatment Site Fieldwork  

Field work was carried out by forestry personnel working for the Tanana Chiefs Conference (TCC) 

Forestry Program and the Chugachmiut Tribal Consortium (CTC) Forestry between June and August of 

2015.   In early June, members of both TCC and CTC forestry, personnel with the U.S. Fish and Wildlife 

Service, and State of Alaska Department of Natural Resources representatives held a field training session 

at the Campbell Tract near Anchorage. Data was collected on 161 plots in treatments and 

control/reference sites (Table 1), and photographs taken at another 30 untreated reference sites for fuel 
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model classification. They refined data collection protocols to ensure continuity across the diverse set of 

fuel treatment locations.   

The collected field data was used to determine fuel loading of surface and canopy fuels. A model of fire 

behavior, before and after the various fuel treatments, was used to assess ecological effects of the fuel 

treatments. Adding reference plots several years after treatment can be problematic. When no control 

plots were previously established, we used the Alaska photo fuels series (USFS 2018) to quantify canopy 

fuel for comparative fire behavior and forest floor fuel beds in untreated areas. Photographs were taken of 

all plots to show current condition and other disturbances like fire entry, wind-throw, drought stress, or 

change in surface fuels. These characteristics may have important consequences related to the 

maintenance and strategic use of fuel breaks in boreal fuel types.   

Canopy and surface fuels data collected in plots included: overstory (> 1ò DBH) tree stem count by 

diameter class, subcanopy (<1ò DBH) trees and seedlings tallied by species in three 1 x 1 m 

subplots/transect, canopy tree height, canopy fuel base height
2
, and crown width for determining the 

canopy fuel load.  For fuel treatments with tagged trees (JFS demonstration sites, Figure 4, b-d) we re-

measured DBH and height to assess tree growth response to treatment.  Crown bulk densities for the fire 

behavior inputs were computed by estimating crown mass from crown lengths/diameters and tree 

densities and using allometric equations for total above-ground tree biomass by species (Yarie et al. 2007, 

Barney and VanCleve 1973).  The fraction of tree crown mass that would be expected to burn in frontal 

passage is generally the foliage and twigs less than 1/4ò. This fraction, for example, has been measured at 

approximately 42% of total crown mass for upland black spruce (Barney et al. 1978). The combustible 

fraction of crown mass was multiplied by crown length to derive crown bulk density (Appendix Table 

10a/b). 

Point-intercept transects were used to estimate cover of understory vegetation by species, as well as 

substrate (moss, lichen, conifer litter, hardwood litter) cover, and canopy cover by species (using vertical 

densitometer). All vegetation intercepts were recorded (yielding absolute cover by species).  Continuous 

understory fuel bed height was estimated at 4 points along transects to inform fire behavior models.  We 

also measured depth of forest floor litter, upper and lower duff, down woody fuel load
3
, and active layer 

depth
4
.  

                                                      
2
 Canopy fuel base height is the height above the ground of the lowest live or dead concentration of branches that 

have the ability to move fire higher in the tree.  

3
 Measured along transect lines using the planar intersect method ( Brown 1974) 

4
 Active layer is the layer of soil over permafrost that seasonally thaws. It varies through the season so single 

measurements are only useful for analysis of effects with a simultaneous control. Active layer was measured with 10 

points per line, where reference untreated control blocks were available for comparison. 
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Table 1: Summary of field data measurements 

Measurements, 2015 Data sampled at each plot 

Vegetation cover (120 pts) 4 x 30m point-intercept transects 

Canopy cover, by spp. 4 x 30m point-intercept transects 

Stem density, by size class 4 x 30m belt transect 

Sub-canopy (<1" dbh) tree tally 3 x 1m
2
 subplots/belt transect 

Tree height & DBH by spp. 6 trees/transect 

Tree canopy base & crown width 6 trees/transect 

Active layer depth (interior Alaska plots only) 10 points/transect 

Forest floor layer thickness 2 points/transect 

Downed, woody fuel loading 4 x 30m Brown's transects 

 

C. Fire Behavior Modeling  
 

Fire Behavior Model Options 

We initially proposed to use IFTDSS V 2.0 (The Interagency Fuels Treatment Decision Support System, 

Drury et al. 2016) as our modeling platform for evaluating fire behavior changes due to fuels treatments. 

We were able to use IFTDSS for modeling landscape fire behavior for the expert elicitation on wildfire 

scenarios before IFTDSS was updated to version 3.0.  However, the lack of stand-level fire behavior 

modeling capacity in IFTDSS 3.0 forced us to evaluate other fire behavior modeling systems including 

BehavePlus V 6, the Canadian Fire Effects Model (CanFire), a successor to the Canadian Fire Behavior 

Prediction Model (REDapp) and the Crown Fire Initiation and Spread Model System (CFIS).  

Fire Behavior Model Evaluation 

 The fire behavior modeling systems BehavePlus 6 (https://www.frames.gov/partner-

sites/behaveplus/software-manuals/); CanFIRE (de Groot 2012), REDapp (http://redapp.org), and the 

Crown Fire Initiation and Spread model (CFIS; http://www.frames.gov/cfis) were all evaluated using a set 

of unpublished observations for the 1997 Magitchlie Creek Fire. We evaluated how close the fire 

behavior modeling systems performed when compared to direct observations including flame length, rate 

of spread, fireline intensity, and fire type (torching or crown fire).  

Fire Behavior Fuel Model Selection 

Fire behavior fuel models (FBFM) were selected for use with BehavePlus 6 based on consultations with 

fire behavior analysts in Alaska, a review of the latest version of the Alaska Fire Behavior Fuel Model 

Guide (Cella et al. 2008; henceforth referred to as the guide), and analysis of fire behavior observations 

from the 1997 Magitchlie Creek Fire. Initial FBFM selection was then compared with site photographs 

and the field sampled vegetation and fuels data to confirm or suggest other FBFM. 

https://www.frames.gov/partner-sites/behaveplus/software-manuals/
https://www.frames.gov/partner-sites/behaveplus/software-manuals/
http://redapp.org/
http://www.frames.gov/cfis
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Modeled Fire Behavior in Fuels Treatment 

 Flame length, rates of spread, fireline intensity, and fire type were modeled for each treatment location 

and treatment type.  Surface fuel models that serve as fire behavior fuels inputs for the surface fire 

prediction models were selected using the field collected vegetation data summaries, visually inspection 

of site photos.  Canopy fuels inputs were calculated using the field data summaries following standard 

biomass algorithms in Barney and Van Cleve (1977) for black spruce trees and Yarie et al. (2007) for 

white spruce and hardwood trees. Weather inputs at 70
th
 and 90

th
 weather percentiles for rH and 

temperature were determined using historical weather records from Remote Automated Weather Stations 

(RAWS) and calculated using FireFamilyPlus 4.2 (Bradshaw and McCormick 2000). In addition, 

FireFamilyPlus 4.2 was used to determine fuel moisture values for 1 hr, 10 hr, and 100 hr fuel moisture 

inputs for 70
th
 and 90

th
 percentile weather. Live herbaceous fuel moisture, live woody fuel moisture, and 

foliar moisture values were set based on existing literature and expert opinion.  The influence of wind 

speed on fire behavior potential was evaluated using stepwise modeling at wind speeds of 0, 2.5, 5, 10, 

15, 20, 25, 30, 35 and 40 mph. Modeling fire behavior with increasing winds allowed us to produce charts 

of when strategic firefighting tactics could be employed and under what wind speeds a fire would be 

expected to transition from surface to torching to an active crown fire. 

IV.  Field Work , Data Collection , and Fire Modeling Results and 

Discussion   

A. Fuel Treatment Life Cycle Changes 

Tree Density and Forest Cover Changes  

In interior Alaska black spruce treatments (Sites b ï d, Figure 4), average live tree densities ranged from 

3,566 to 5,337 stems/acre pre-treatment, with the vast majority (95 to 100%) composed of black spruce 

(Ott and Jandt, 2005: Table A-1).  Treatment initially reduced these densities by 79-91% (2 years post-

treatment).  After 14 years, the overstory tree densities (> 1ò DBH) in thinned blocks were still just 12-

24% of the densities in the control plots.  Prior to treatment, average overstory cover values ranged from 

40% to 53% in the black spruce demo sites, whereas post-treatment they ranged from 12-21% tree 

coverðconverting them from ñclosed forestò to ñwoodlandò classification.  After 14 years, thinned 

demonstration units in black spruce had gained 4-7% overstory tree cover (Table A-1).  2015 canopy 

cover ranged from 0% in shearbladed or masticated treatments to 47% in the mostly aspen Dot Lake 

shaded fuelbreak, and 48% in the birch-dominated Campbell Tract fuelbreak (Table A-2, A-3).  All 

treated units were more open than their reference sites, often dramatically. For example, at Tanacross the 

shaded fuelbreak was 6% cover vs.43% at the reference site (cover photo; Table A-3).  Interestingly, we 

did not detect a meaningful increase in sub-canopy trees (<4.5ô tall) or seedlings after 14 years in the 

thinned black spruce units, in spite of the dramatic canopy openings created (Table A-4). However, at 8 

years post-treatment in a more aggressively thinned mixed spruce stand (Tanacross), regeneration started 

to become more noticeable in the treatments. A profound shift in species composition of regenerating 

trees (toward white spruce and aspen and away from black spruce and birch) was noted (Jandt 2009; 

Table A-3). 
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Canopy Fuel Load 

Canopy fuel loadings varied widely among treatment types and across ecotypes but were predictably 

lower at treated sites.  Previously sampled JFS Demonstration shaded fuel break units in interior Alaska 

(Sites b ï d, Figure 4) showed slight gains in crown mass and crown bulk density values, but were not 

substantially changed over the 14 years since treatment relative to control sites (Tables A-2, A-5).  At 

Nenana Ridge (Site a, Figure 4) crown bulk density in shaded fuelbreak units was 16-30% of control 

values after 8 years (Table A-2).  

Tree Damage in Treatments   

An important finding in boreal shaded fuel breaks was the unintended tree damage and loss that can occur 

after initial treatments.  Tanacross provided a good example of this. The original thinning specifications 

were for 12 x 12ô thinning in mixed forest predominated by white spruce (average 63% canopy cover), 

but results were closer to 14 x 14ô spacing (220 stems/acre, 22% cover).  Northern spruce engraver beetle 

(Ips perturbatus) activity was heavy during the summer after treatment in trees and log decks salvaged for 

firewood. Insects, combined with thinning shock and pruning wounds led to the loss of up to 25% of the 

remnant trees (Jandt 2009).  A wind event in September, 2012 with gusts up to 100 mph, also resulted in 

extensive damage (photo-Figure 6) in the treated area and in natural openings (News-Miner 2012).  As a 

result, after 15 years the canopy cover was just 6% in the ñshadedò fuelbreak area:  4% white spruce and 

2% aspen (Table A-3).  We also followed the fate of tagged trees in the JFS Demonstration fuelbreaks to 

determine the effects of treatment.  Of 709 tagged trees, 3% died by 2006--14 on treatment blocks, and 6 

on control blocks. Windthrow was especially evident in the treatment block. After 4 years, 21 tagged trees 

(as well as many non-tagged trees) had been downed by windthrow on the treatment blocks and a host of 

others were leaning, most notably at DBR (Figure 4, site d).  No tagged trees were windthrown on the 

control plots, although dead and damaged trees (especially spruce budworm at TOG: Figure 4, site c) 

were observed.  Black spruce (especially when growing on sites underlain by permafrost) are very 

shallow-rooted. 

Figure 5. Field data collection at Campbell Tract by 

TCC and Chugachmiut forestry staff. (photo: N. 

Lojewski, 2015) 

Figure 6. Tanacross fuel treatment after wind event 

in 2012 (photo by F. Keirn, TCC). 






















































































































































